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NLW) $\square u+f(u)=0$ in $\mathbb{R}^{1+n}$
. $=\partial_{t}^{2}-\Delta$ , $n$ $u:\mathbb{R}^{1+n}arrow \mathbb{C}$
$f(u)=\lambda|\mathrm{u}|^{p-1}u$
$f(u)= \sum_{j=1}^{2}\lambda_{j}|u|^{p_{j}-1}u$,




, Ginibre [2], Strauss [24] - ,
Ginibre Velo,






- 2 , 4





$\dot{H}_{2}$1 $\cross L^{2}$ $(\varphi, \psi)$ $t=0$ t $u_{+}(t)$
, $tarrow+\infty$ (NLW)
-
Pecher $f$ (u) (1)
$n=3,4,5,$ $p=1+ \frac{4}{n-2}$











(NLW) $\text{ }$ Strauss [22] 1
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. Strauss [22] (NLW) (1)











“We feel that the question of decay has merely been broached and that much
remains to be discovered by more powerful methods yet unknown”




Ginibre and Velo $[5,6]$ [5] \S 1
$\Sigma=$ $\{(\varphi,\psi)\in H^{1}(\mathbb{R}^{n})\cross L^{2}(\mathbb{R}^{\mathrm{n}}) : || (\varphi,\psi)||_{\Sigma}<\infty\}$
$||(\varphi, \psi)||_{\Sigma}^{2}:=||\varphi||$x$2+||\langle$x) $\nabla\varphi||$1$2+||$ (x) $\psi||_{L^{2}}^{2}$
(NLW) (1)






pactffication . (NLW) (1)
$n=3,$ $p$ <3
80
, $n=3,$ $p$ >3 Strichartz






$n=3,4,$ $\lambda_{1}\geq 0,$ $\lambda_{2}>0,$ $p_{*}(n)<p_{1}<p_{2} \leq 1+\frac{4n}{(n-2)(n+1)}$ ,
$n=5,$ $\lambda_{1}\geq 0,$ $\lambda_{2}>0,$ $p_{*}(5)<p_{1}<p_{2}\leq 2$
$\Sigma$ $p_{*}(n)$ 2
$(n-1)p^{2}-(n+2)p-1=0$ , [23] 14
. $n=3,4$ Ginibre Velo
. .n $=5$ , Ginibre Velo
[ $10^{1}\rfloor$ $\Sigma$ , Ginibre Velo





. . $n=3$ $p_{1}>1+3/2$
( $\mathrm{c}\mathrm{f}$ \S 9 of [9]). Ginibre Velo [2]
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87 [5] 224 , (NLW) (1)
$n\geq 2,$ $p_{\mathrm{m}\mathrm{m}}(n)<p<1+ \frac{4}{n-2}$
($p_{\mathrm{m}\mathrm{m}}(n)$ 2 $n(n-1)p^{2}-(n^{2}+3n-2)p+2=0$ )
, $t=0$ $\Sigma$ ,
(NLW) ( )
- $\Sigma$ $[14, 15]$ .
$1+3/2<p_{\mathrm{m}\mathrm{m}}(3)$ , 1+4/n<pm (n) $<p_{*}(n)$ -
$\Sigma$ 3
1
$1+ \frac{4}{n}\leq p_{1}<p_{2}\leq 1+\frac{4}{n-2},$ $\lambda_{1}\in \mathbb{R},$ $\lambda_{2}>0$
$\Sigma$ .
$1+4/n$ (NLW) $\Sigma$
- [5] 2.3 (2.31)
2
$p_{*}(n)<p_{1}<p_{2} \leq 1+\frac{4}{n-2},$ $\lambda_{1}\geq 0,$ $\lambda_{2}>0$
, $\Sigma$ $\dot{g}$) .
2 , $n=3$ $f(u)=|u|^{2}u+|u|^{4}u$
, .
3 2 $\lambda_{1}<0$ .
$\lambda_{2}>0$ , .
4(NLW) (1), $n=3$ $p<3,$ $\lambda$ >O $t=0$
$.\Sigma\cap(H^{2}\cross H^{1})$ $H^{2}$ , $L^{\infty}$
$||$u(t, $\cdot$ ) $||$ L$\infty=O(t^{-1})(tarrow+\infty)$
$n=3,3\leq p<5$ Strauss [22], von Wahl
82
[26] $p<3$ Pecher [20] ,
$t^{-1}$ 4 .
$p_{*}(3)<p<3,$ $\lambda>0$
(3) $||$u(t, $\cdot$ ) $||$L$\infty=O(t^{-1+\epsilon})(tarrow+\infty)$
$\epsilon$
4 , NLS Hayashi and M.Tsutsumi
[8] Remark 6.2
“For the nonlinear wave equation, an analogous result to Theorem 6.2 can be
obtained by the simple combination of the results in Klainerman [16], Pecher [20],
[21], and Glassey and Pecher [10] (see also [17], [25]).”
[8] ,




(3) Klainerman $[11, 12]$ Pecher [20]
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